The causes and outcome of cardiopulmonary arrests were studied in a paediatric hospital over a 12 month period. Forty five resuscitation attempts were made involving 41 children and one adult. Twenty eight (68%) of the children were under 1 year of age and 10 (24%) were neonates. This study was undertaken to evaluate the causes of cardiopulmonary arrest in a large paediatric hospital, the response to these by the 'crash team', and the final outcome of attempts at cardiopulmonary resuscitation.
Paediatric cardiac and respiratory arrests are not common. The causes are varied and the outcome is often poor. ' 3 Barzily et al, who studied the outcome of cardiopulmonary arrests in 69 children, found that if resuscitation took less than five minutes 54% survived instead of 5%. Ifonly one dose ofadrenaline had to be given before recovery, the chance of survival improved from 0 to 38%. 4 Comparable treatment protocols are used in resuscitation in North America, Europe, and the United Kingdom but published studies of paediatric cardiopulmonary resuscitation in hospitals in the United Kingdom with which to draw comparisons are few. In the BRESUS study of 3765 cardiopulmonary resuscitation attempts in 12 British hospitals there were 48 children under 14 years of age; eight survived to one year (two were lost to follow up). 5 No causative details are given. The effectiveness of resuscitation in children has not been subjected to the same scrutiny in Britain that adult cardiopulmonary resuscitation has received. Consequently a standard of good practice in terms of outcome is not established in this country.
This study was undertaken to evaluate the causes of cardiopulmonary arrest in a large paediatric hospital, the response to these by the 'crash team', and the final outcome of attempts at cardiopulmonary resuscitation. The hospital has a resuscitation committee consisting of consultants in paediatric anaesthesia, accident and emergency medicine, and cardiology, nursing staff from these specialties, a senior operating department assistant, a senior pharmacist, and a representative of hospital management. An anaesthetic registrar and accident and emergency registrar who attend arrests are co-opted on to the committee. This meets monthly to discuss any cardiopulmonary resuscitation events of the previous month, and attempts to highlight and deal with any deficiencies.
Subjects and methods
At the time of the study there were no formal protocols for the management of cardiopulmonary arrests. Resuscitations were managed according to recommendations by the Resuscitation Council. 6 On each ward and in each treatment area of the hospital there are drug boxes and resuscitation equipment. The equipment in the boxes is described in the appendix. There Table 3 shows these drugs and also those used in respiratory arrest. Drugs were administered intravenously or down the endotracheal tube. In no case were drugs given by direct needling of the heart.
In nine of the 13 initially unsuccessful cardiopulmonary resuscitation attempts a consultant or senior registrar was involved in the decision to stop resuscitation. OUTCOME Thirty one (69%) of the 45 paediatric resuscitation attempts were initially successful. Only 49% of the children were alive one month after the arrest however, and 37% remained alive 12 Three children arrested in the accident and emergency department; of these two are alive and well 12 months after the event having had no neurological sequelae. The third child died from overwhelming sepsis.
Seventy per cent of successful resuscitation attempts were achieved within 15 minutes and 81% were within 30 minutes. There were no survivors one month after an arrest in which resuscitation was continued for more than 30 minutes (table 5) . There was no case of hypothermia or near drowning who would have required prolonged cardiopulmonary resuscitation attempts.
None of the surviving 11 patients who was thought to be neurologically normal before cardiopulmonary arrest had any deficit in neurological or developmental attainment 12 months after the arrest. Sadly, one of these children has been the recipient of severe non-accidental injuries which may be related to difficulties in parental bonding during her stormy neonatal course.
There were no recorded preventable sequelae such as chest burns from defibrillation shocks or drip site fluid extravasations.
Discussion

CAUSES OF ARRESTS
The aetiology of cardiopulmonary arrest in children differs from that in adults.' In adults the event is often of cardiac origin. In children cardiopulmonary arrest may be the consequence Innes, Sunmers, Boyd, Molyneux ofprofound hypoxaemia and acidosis caused by a variety of diseases leading to respiratory and eventually circulatory arrest. In this study 22 children had an arrest from a primarily respiratory disorder; five of these were prolonged apnoea attacks in neonates, four were postictal apnoea, and four were caused by infection. Acute obstruction was variously due to oedema from burns, a foreign body, laryngospasm, or bronchospasm and croup. Eleven were cardiac in origin, eight of which occurred in patients previously known to the cardiologists.
Two infants with critical aortic stenosis and a child with myocarditis presented to accident and emergency without a history of previous illness. Four children had drug induced arrests. Three of these were iatrogenic, two following postoperative morphine in very small infants and one after anticonvulsant treatment for prolonged seizures. Four were due to overwhelming infection. Two of the three children who were hypovolaemic had had relative simple surgical procedures. One child had hypoglycaemia (table 2) .
Some of these arrests may have been anticipated and possibly prevented. For example, laryngeal oedema after a bum to the face and neck, opiate induced apnoea, and postoperative hypovolaemia.
In 33 children in whom a cardiac rhythm was noted, asystole was found in 17 and bradycardia in a further 12 cases. The findings of Eisenberg et al were similar. In their study 66% of childhood arrests were in asystole.' Ventricular fibrillation is an uncommon rhythm disturbance in paediatric cardiopulmonary resuscitation, and is found in 9% of paediatric cardiopulmonary arrests.' Our study substantiates this finding. Direct current shock was only used four times on the paediatric patients in our study. It was used in adrenaline induced ventricular fibrillation or in the hope that a refractory asystolic rhythm was a fine ventricular fibrillation.
RESPONSE AND MANAGEMENT BY CRASH TEAM
Audit of the team's response to arrests has led to several changes.
First, the need for training has been highlighted and lent weight to the application for a resuscitation training officer.
Cardiopulmonary arrest events occur rarely in children. The 12 Arrests from any cause occurring outside the hospital have a poor outcome, however.'4 This is despite the attendance of paramedical staff. In our study five of seven cases were intubated at the scene by paramedical staff. Also in our study there were no long term survivors from resuscitation attempts that were longer than 30 minutes. None ofthe children had hypothermia, was a case of near drowning, or a refractory drug induced arrest that would have warranted longer resuscitative measures.
It is encouraging that all surviving patients who were neurologically normal before the arrest remained so 12 months after the arrest. The follow up assessment of these children through casenote review and discussions with the family doctor may not have detected subtle neurological and developmental changes. It would be informative to make more detailed assessments at regular intervals after cardiopulmonary resuscitation.
Conclusions
Audit of cardiopulmonary resuscitation in a paediatric hospital has provided useful information about the standard of service given to our patients. This study has led to modifications to the equipment and drugs provided for resuscitation, emphasised the need for cardiopulmonary resuscitation training, and sought to improve the audit itself with better questionnaire forms. Regular audit is essential to determine whether such changes achieve the desired aims.
